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SUMMARY

An investigation has been conducted to evaluate the effects of an
all-moveble horizontal tail on the longitudinal characteristics of a
gvept—back wing and a fuselsge of a type sulteble for long~range high—
speed sirplanes, The wing, which was canbered and twisted, had an
aspect ratio of 10, a taper ratio of 0.k, and 40O of sweepback. The
all-moveble horizontsl tall had an aspect ratio of 4.5, a taper ratic
of 0.4, and 40° of sweepback, Wind—turmel tests were conducted at
Reynolds mumbers of 2,000,000 and 8,000,000 at low speed and at Mach .
munbers from 0.25 to 0.90 at & Reynolds mumber of 2,000,000.

It was found that a large reduction of the longitudinal stebility
of the wing—fuselage—tall cambination occurred at 1ift coefficlents
well below the stall. Analysis of the low—speed results indicated that
this reduction of longitudinal stability was caused primsrily by
decreases in the longitudinal stabillty of the wing—fuselege conmbins—
tlon. The use of four fences resulted 1n nearly constant longltudinal
stabllity of the wing—fuselage—tail combination up to the stall at low
speeds, and for 11ft coefficlents up to gbout 0.7 at Mach nunbers
from 0.6 %o 0.9. The all-movable horizontal tall provided nearly con—
stant control effectiveness thrcughout the 11ft rangé &t-each-Mach
runber.
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INTRODUCTION

The aercdynamlc problems associated with a configuration considered
sulitgble for long—range alrplames to fly at high subsonic speeds have
been the subJect of an investigation in the Ames 12—Ffoot pressure wind
tumnel. The longitudinal characteristics of a high—aspect—ratlio swept
wing in combination with g fuselage of high fineness ratio have been
presented in reference 1. The present paper 1s concerned primarily with
the effects of an all-movable horizontal tall on the longitudlnal char—
acteristics of this wing—-fuselage combinetion.

The results of reference 1 indicate that the pltching-moment char—
acteristics of the wing, which hed 40® of sweepback and an aspect ratio
of 10, were considersbly lmproved by the use of fences. The initial
tests during the present phsse of the investigation were therefore
directed toward determining whether fences are necessary for the attain-—
ment of satisfactory tall-on pitching-moment characteristics. A limited
nunber of tests were also conducted to determine the effects of tall
height. A series of tests with four fences on the wing was conducted
Por several tall incidences to evaluate the longitudinsl characteristics
of this configuration and the control effectiveness of the all-movable
horizontal tall, These tests were conducted at Mach numbers of 0,165
and 0,25 at a Reynolds number of 8,000,000 and at Mach numbers from 0.25
to 0.90 at a Reynolds number of 2,000,000, The 1ift and pitching-moment
of the isclated horizontal tall were also measured over this Mach number
and Reynolds nunmber range. . C N T

NOTATION

Symbols snd Parsmeters

a mean line designation, fraction of chord over which design load
is uniform
g wing semlspgn perpendiculer to the plane of symmetry
drag
C:D _ drag coqfficien’b (T)
cy, 11t coefficient <L(11%>
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pltching-moment coefficlent shout the quarter polnt of the mean

aerod te chord <pitching moment)
qSc

(See Pig. 1(a) for location of wing moment center with respect
to the fuselage. )

local chord parallel to the plane of symmetry
local chord normal to the reference sweep line
average chord < ??S)

’ 2 /2 o%iy

mean aerodynamic chord
b/
f % e ay

section 1ift coefficient
design sectlon 1ift coefflclent

incidence of the horizontal tsail with respect to the wing root
chord

tail length, distance between the quarter polnts of the mean
asrodynamic chords of the wing snd the horizontal tail

free—stream Mach mmber

free—stream dynamic pressure

Reynolds mmber, based on the wing mesn aerodynemic chord
area of semispan wing or horizontal taill

section maximm thickness

lateral distance from the plane of symmetry

engle of attack of the wing chord at the plane of symmetry
(referred to herein as the wing root chord)

effective everage downwash angle

angle of twist, posltive for washin, measured in planes perallel
to the plane of symmetry

SR,
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S}
-—cnl tall—control effectliveness parameter, measured for & glven angle
oiy of attack

1 EE) tail-efficiency factor

4 (Ratio of the lift-curve slope of the horizontal tail when
mounted on the fuselage in the flow field of the wing to the
lift—curve slope of the isolated horizomtal tail.)

Subscripts

t horizontel tall
W wing

w4+t wing—fuselage combination
MODEL

The geocmetry of the model tested during the investigation is shown
in figures 1(a), 1(b), and 1(c) and in table I. The selection of geo— .
metric properties and construction of the wing, fuselage, and upper— n"?
surface fences have been discussed 1n detall in reference 1.

The all-movsble horizontal tail had an aspect ratio of 4.5, a
taper ratio of -O.4, snd 40° of sweepback. The reference sweep line
was the line Jolning the quarter—chord points of the NACA 0010 sections
which were inclined 40° to the plene of symmetry. The horizontal—tall
had no dihedral smd ite hinge axies (53.4 percent of the tall root
chord) was not swept. The hinge axis was either at the intersection of
the fuselage center line and the plane of the wing root chord and leai—
Ing edge or 5 percent of the wing semispan gbove this intersection.
The aresa.of the horizontal tall was 20 percent of the wing area and the
tall length was 3.25 T, resulting in a tall volume of 0.65.

A photograph of ‘the model mounted in the wind tummnel 1s shown in
figure 2., The turnteble upon which the model was mounted 1s dlrectly
connected to the balance systen.
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COREECTIONS TO DATA

The data have been corrected for constriction effects due to the
presence of ths tunmnel walls, for tummel-wsell interference effect orig-—
ingting from 11ft on the wing, and for drag tares caused by the zerody—
namic forces on the sxposed portion of the turntgble upon yhich the
model was mounted. The constriction and tumnel-wall interference cor-—
rections to the d=mta ohtalned from tests of the isolated horizontal tail
vere found to be negiigible.

The dyrnamic pressure was corrected for constriction effects due toa
the presence of thse tinmel walls by the methods of reference 2. These
corrections were not modified to allow for the effects of sweep. These
corrections ard the corresponding corrections to the Mach nunber are
listed in the following teble:

Corrected | Uncorrected | _lcorrected
Mach number| Mach mumber | Tuncorrected
0.165 0. 165 1,003
«25 250 1.00%
. . 598 1.006
.80 . 793 1.011
.86 .848 1.01k
.90 .883 1.022

Measurements of ‘the static pressure on the tumnel wall during the tests
at high engles of aktback at a Mach number of 0.90 indicated a local Mach
nunber greater than 1.0. Data polnts obtained under these conditioms
have been faired with a dotted 1line since the wind tuwmel msy have been
partially choked.

Corrections for the effects of turmmel-wall interference originating
from the 1ift on the wing were calculated by the method of reference 3.
The corrections to the amngle of attack and to ths drag coefficient
showed insignificant veriations with Mach mumber. The corrections added
to the data were as follows:

s = 0.377 O,
ACp = 0.0059 CI.WZ
The correction to the pltching-moment coefficlent and to the downwash

engle had significant variations with Mach number. The following correc-—
tions were added to the pltching-moment coefficients:

.

SSUREITERTTEY.
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Moy = KlCLW (’I'ail Off)

ACy = chL" - [(AG — M) :i& J (Tail on)
4

where . S he = KZCLW
The values of JCy/diy Were obtained fram the test results. The values

of K; and K for each Msch number calculated by the method of refer—
ence 3 asre given in the following table:

M Ky Ko
0.165} 0.0030 | 0.71
.25 0032 .72
.60 Look8 | .77
.80 L0069 .81
.86 .0078] .83
.90 L00871 .8

Since the turntable upon which the model was mounted was directly
connected to the balance system, a tare correction to the drag was
necessary., This correction was determined by multiplying the drag force
on the turntable, as determined from tests with the model removed from
the wind tunnel, by the fraction of the turntable not covered by the
model fuselage. The following corrections were subtracted from the mess—
ured drag coefficients:

M R thare

0.165 8,000,000} 0.0025

.25 | 8,000,000{ .002h4

.25 2,000,000 . 0025

.60 | 2,000,000f .0025

.80 2 5000 .0028
861 2
2

,000,000] .0030

.90 ,o00] .0032

Ko attempt has been made to evaluate tares due to interference
between the model and the turntable or to compensate for the tunnel—floor
boundary layer which, at the turnteble, had a displacement thickness of
one-half inch.
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RESULTS AND DISCUSSION

Effect of Wing Fences

The data of reference 1 have shown that the pltching—moment char—
acteristics of the wing—fuselage combination can be improved through
the use of fences. As would be expected, the fences camsed a simllar
improvement in the pitching-moment charascteristics of the wing—
Puselage—tail combination. (See fig. 3.) These data show that large
reductions of static longitudinsl stebility at 11ft coefficlients less
than that for the stall were avoided through the use of four fences on
the wing.

The pitching—moment contribution of the horlizontal tail was not
changed significantly by the addition of the wing fences, as may be
seen from figure 4. This indicates that the addition of wing fences
caused 1ittls or no change in either the average offective downwash
angle or the tail efficlency factor. The ilmprovement of ths tail-on
pitching-moment charecteristics cansed by fences, therefore, was prima—
rily due to improvements of the longltudinal characteristics of the

wing—fuselage conbination.

Effect of Tail Helght

The effect of increasing the tall helght 0.05 'b/2 is shown in
figure 5. These data sre for the three—fence conflguratiom. (See
fig. 1(c).) The chsnge in tail helight had no significant effect on the
large changes In stablillity which occurred in the upper lift—coefficient
range at the higher Mach numbers. At lower 1ift coefficlents, the longl—
tudinel stability and 1ift coefficient for balance were somewhat greater
for the higher tail positlon. Both these effects may have been caused
by an improvement in the tail efficiency factor -q(q.b/q) resulting
from moving the tadll from the fuselage center 1ine to a position above
the fuselage,

Longltudinal Characteristics of the Model
With Four Wing Fences

The effectiveness of the horizontal tsll, both as a stabillzer and
as a longitudinal control when mounted in the plamne of the wing root
chord and leading edge, was evalusted from data obtained with four
fences on the wing. (See fig, 1(c¢c).) The aerodynamic characteristics
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of this configuration at a Reynolds number of 8,000,000 and a Mach
mumber of 0.165 (125 miles per hour at sea level) for a tall incidence
of —I° are presented in figure 6. The longitudinal stability under
these conditions is indicated to be constent up to & lift coefficient
of about 1.5 (o = 20°). It was not possible to attain meximum 1ift at
this Mach number due to the angle—of—attack limitation with the fuselage
installed. The stall is believed to have been imminent, however, since
the results from reference 1 show that the wing alone stalled at an
angle of attack of 21°.

Lift, drag, end pitching-moment date for several tail incidences
are shown In figure 7. At a Mach number of 0.25 amd a Reynolds number
of 8,000,000 (fig. 7(a)), the variastion of pitching moment with 1lift
was nearly linear and the control effectiveness OCp/diy was sbout
~0,030 gt 1ift coefficlents up to the stall. It can be noted from
figure T(a) that the pitching-moment curves are more nearly linear with
the tail on than with the tall off, the tail—off stability decreasing
with Increasing 1ift, The compsratively constant tall-on stability
results from an Increase with increasing 1ift coefficient of the stabil—
1ty contribution of the horizontal tail. .This contribution, if the
increment in the lift—curve slope due to the horizontal tail 1s neglected,

is proportionsal to
o, (3] ¢-8)

Calculatlions to evaluste the average effective downwash angle and the
tall efficlency factor were made using the force data of figure 7 and
the isolated tall data of figure 8. These calculations were performed
in the same manmmer as in reference L4, In choosing the lift—curve slope
of the isolated horizontal tall used in calculating 'q(q.b/q), it was
essumed that the Mach number at the tail was the same as the free—
stream Mach punber. 'The results of the calculatlions for a Mach number
of 0.25 and a Reynolds number of 8,000,000 indicate nearly constant
values of the tall efficiency factor n(qi/a) and of the rate of
change of effective downwash with angle of attack de /d.cr. up to a 1ift
coefficient of 1.0. (See fig. 9.) The factor

(acg /aa),,
(ch/d'a' )w+f

hovwever, increases at the higher 1ift coefficients in a manner which
compensates for the reduction of the stability of the wing—fuselage _
comblnation. This compensating effect 1s not mere coincildence, since,

I P
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on a swept wing, a reduction of lift—curve slope usually occurs
simultaneously with a reduction of longitudinal stability.

The data for Mach numbers from 0.60 to 0.90 (figs. T(c) to T(£})
indicate nearly constant longitudinal stebility and control effective—
ness up to a 1lift coefficient of gbout 0.7 at each Mach number. At
approximately this 1ift coefficient, the longltudinsl stebillty decreased
for a small range of 1ift coefficients and then increased with further
increase in 1ift coeffliclent. Thls lncrease in tail—on stablility is
opposite that which occurs with the tall off. The data of figure 10
show that this effect 1is due primarily to a large incresse in the ratio

(aCr/da) o

As in the low-—speed case, the Increase was ceused by a reduction in
wing lift—curve slope which accompanied a reduction in the stability of
the wing—fuselage combinstion.

The effect of Mach number on the tall control-effectiveness param—
eter aCm/ait and the tall-on pitching-moment—curve slope d.Cm/d.CL
at a 1ift coefficient of 0.4 is presented in Pigure 11, Fram these
data it may be seen that the control effectiveness increased sbout
17 percent between Mach numbers of 0.25 and 0.90, Within the same
Mach nunber range, the pitching—moment—curve slope varlied sbout 0.06.
The varietion with Mach number of the factors contributing to the con-
trol effectivenessand to the tall-on pitching—moment—curve slope has
also been included 1n figure 11.

Estimation of Average Effective Downwash

The effective downwash angles in the plane of the wing root chord
and leading edge evalusted from the test results are presented as a
function of angle of attack in figure 12, The theoretical varigtion of
downwash with angle of attack in this plane and the position of the cen—
ter of the wake were calculated by the method of reference 5. The varia—
tion of loading, as well as the varistion of downwash angle, across the
gepan of the horizontsl tall was taken into account when calculating the
average effective downwash. The results of these calculabtions are pre—
sented in figures 13 and 1k. In applying the method of reference 5, it
was found that the calculated downwash was sensitive 1o smsll changes in
the wing loading, especially near the plane of symmetry. The theoreti-—
cel loading end lift—curve slope were calculated by the modified
Falkner 19X1 method which, as indicated in reference 6, ylelds accurate

EETTIDERTIAR
L 2ol - 2 - ¥
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regults for swept-back wings of high agpect ratic. Account was taken
of the effect of the fuselage on the loading according to the method
outlined in reference 7. It was also necessary to account for the
effects of wing incldence with respect to the fuselage. This was
accomplished by assuming an altered twist distribution near the root
section such that the chord at the plane of symmetry had an angle of
attack equal to that of the fuselage center line. The resulis of these

celculations are compared with unpublisghed experimental loadings for

Mach numbers of 0.25 and 0.80 in figure 15. Both the theoretical and
the experimental loadings were used in obtaining the theoretical down-
wash by the method of reference 5. The accuracy of this method in pre-
dicting downwash for this wing may be ascertained from the following
table:

de/da, measured at a=0
M
Theoretical — Theoretlical -
Bxperiment |y, sretical loading | Experimental loeding
0.25 0.18 0.30 0.26
.80 .28 .37 .37

From these data 1t may be seen that the theoretical method overestimates
the average effective downwash by a considerable amount. As a consequence,
the stability contribution of the horizontal tail, which is dependent
upon 'l-de/da, would be underestimated by as much as 15 percent 1f the
theoretical values of de/da were used. As noted previously, the theo-
retical values of downwash were found to be sengitive to small changes
in wing loading, especially near the plane of symmetry. For example,
the theoretical loading at 15 percent of the semispan at a Mach number
of 0.25 differed from the experimental loading by only 4 percent, yet
the values of downwash calculated for the two loadings differed by about
1k percent.

CONCLUDING REMARKS

The results of wlnd-tunnel tests to evaluate the longitudinal char-
acteristics of a wing-fuselage-tail combination suitable for a long-range
airplane to fly at high subsonic speeds have been presented. The wing
had 40° of sweepback and an aspect ratio of 10. The all-movable horil-
zontal tail had 40° of sweepback and an aspect ratio of L4.5.

The results of this investigation indicate that at a low Mach number,
corregponding to a speed of 125 miles petr hour at sea level, the statlce
lo tudinel stabilit f the wing-fuselgge~tail combination with four

nel 5 M ﬁ%}!t*éﬁiﬂﬁa ©
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wing fences was nearly constant up to a 1ift coefficient of 1.5. TFor a
given Mach number in the range from 0.6 to 0.9, the static longitudinal
stability was nearly constant for 1lift coefficients up to sbout 0.7. At
a 1lift coefficient of 0.4, the variation of pitching-moment-curve slope
between Mach numbers of 0.25 and 0.90 was sbout 0.06. The gll-movable
horizontal tail provided nearly constant contro.r effectiveness throughout
the 1ift range for a given Mach number, and its effectiveness incressed
by aebout 17 percent in the Mach number range from 0.25 to 0.90.

Without fences, there were large reductions in the longitudinal
stability of the wing-fuselage-tail combination in the high-1ift range.
These reductions were caused primsrily by changes in the static longi-
tudinal stabllity of the wing-~fuselsge combination.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif.
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TABLE I,— GEOMETRICAL PROPERTIES OF THE MODEL

Wing (Reference sweep line: Iocus of quarter chords of
sections inclined 40° to plasne of symmetry)

Aspect rablo . . & v 4kt e 6 b s e e s e s e s e s e e e s 10.0
Ta.perra‘bio........................ 0.k
Sweepback . . e e e e s e e e s e e e eae e hog
Twist (washout at tip) e e e e s e e e . « s s e ® 5
Reference sections normal to reference swee lins

ne ( P )W;m/]'{i

. NACA 0011+ a=0.8 (m.od.ified.)
TID 4 o ¢ o o o o o 2 o s o o o o o NACAOOll,a=08(mod.ified.)
Czi—-Oh

Ares (semispan MOAGL) . v v o o o o o « o o o o o « « o 6,94k ££2
Mean esrodynamic chord . . & & &« & ¢ ¢« e“c o « o o o & = 1.251 ¢

Roobt & & ¢ ¢ ¢ ¢ ¢ o e ¢ ¢ o « @

Horizontal tail (Reference sweep line: Iocus of querter chords
of sections inclined 4O° to plane of symmetry)

Aspect ratio . . . L . . it ke e e e e e e e s e e e e L5
Taper Tablo . & ¢ ¢ v 4 ¢ « o o o o « o 2 = a s« o = o = o o 0.4
Sweepback e e e e e s e e s e e e e e ae e e ee e Loo
Reference sections . .« ¢« ¢ o o« « ¢ ¢« 2 « « o =« « « « « « NACA QO1O0
Teil 16nZH, Ty v o « o o o « o o o o o o o o o o o o« o« 3.25
Area (semispam model) . ¢ ¢ v & ¢ ¢ o o o o o o o o o o o1.387 £%2
Mean serodynamic ChOTd . v v o v o« + o« « o o o « o s+ o « o 0.833 £
Tail volume, Z¢/c (St/Sy) . « ¢ v ¢ ¢ ¢ v v v v 4 v o 0.65

Tail heights {measured from the intersection of the
fuselage center line and the plane of the wing root chord
and 1e8dINg 63EE) . . . 4 « s 4 s e « o o s o o . O oOr 0.05b/2f

“!ﬂ‘iﬂ"’
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TABIE I.— CONCLULED
Fuselage
Fineness TAbIo o v v ¢ ¢ 4 ¢ o« o o o o o s o o s = o o s o 12.6
Fuselage coordinates:
Distence from Radius,

nose, inches inches

o} 0
1.27 1.04
2.54 1.57
5.08 2.35
10.16 3.36
20.31 b, bl
30.47 k.90
39. 4k 5.00
50.00 5.00
60,00 5.00
70,00 5.00
76.00 L, 96
82.00 4,83
88. 00 4 61
94,00 h.27
100,00 3.77
106.00 3.03

126,00 0

RACA



All dimensions in inches unless otherwise specified P —
. ! &
Airfoil sections, fuselage coordinales, and values '
of pertinent geomelric paramelers are given in
fable I. '
.
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Figure |.— Geomelry of the model.

191



14
N
™~
A N
-r\“': ~
T /3 (1/c) -5
g R
B ™~
2 \\ 4 4
L33
S % -3
42 F—| | \%\
\ ] .
A o \
~ NI
/
— ]
J 0
o ./ 2 3 4 S5 6 7 8 9 10

. . y
Froction of S'WW,—I,Z-
(b) Distribution of twisf ond fhickness ratio .
Figure /. — Continued,

Angle of twist, @, deg

9T

6TICCV W VOVN




1Y

g
! / E
Smal f 1 g
ma, 1 =
c
= l~0.08c
j
1 !
Extended i }
Configuration Type and location .
Three fences | Small af é = 0.33, 0.50, and, 0.75
Four fences | Small o é 2033
Extended at é =0.50,0.70, and 0.85
“W
{c) Fence details. |

AT

Figure |.- Concluded.



18

FACA RM A52I19

Figure 2.— Photograph of theé model mounted in the wind tunnel.
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